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Lattice Boltzmann direct numerical simulation of turbulent heat transfer over hemisphere roughness
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Direct numerical simulation of turbulent heat transfer over walls with hemi-sphere roughness are performed by
the lattice Boltzmann method in order to discuss the influence of the arrangement of hemi-sphere roughness on
turbulent heat transfer. The friction Reynolds number is fixed at 400, and the Prandtl number is set to 0.71. An
increase in the skin friction coefficient strongly depends on the roughness arrangement whereas an increase in the
Nusselt number is found to be unaffected. Also, the increase in the skin friction coefficient is much larger than
that in the Nusselt number, implying the dissimilarity between the flow and scalar fields. It is also revealed that
the sum of the dispersion heat flux and spatially averaged turbulent heat flux is not affected by the roughness
arrangement despite the fact that the dispersion heat flux is largely affected by the rough surface geometry.
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Fig. 1: Computational geometry of a rough-walled open
channel flow.
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Fig. 2: Geometry of surfaces with hemi-sphere rough-
ness.
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Fig. 3: Mean velocity profiles.
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Fig. 4: Mean temperature profiles.
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Tab. 1: Comparison of skin friction coefficient and Nus-
selt number

Case Cy/Cho Nu/Nugy
20X05%Z 2.64 1.19
20X10Z 2.07 1.19
05X20%Z 2.50 1.19
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Fig. 5: Profiles of the plane-averaged Reynolds stress
and dispersion stress.
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Fig. 6: Profiles of the plane-averaged turbulent heat
flux and dispersion heat flux.
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